In this study, a cluster of candidemia among patients sustaining injuries in a bomb blast at a marketplace was investigated by means of a multivariate analysis, a case-control study, and quantitative air sampling. Candidemia occurred in 7 (30%) of 21 patients (58% of those admitted to the intensive care unit [ICU]) between 4 and 16 days (mean, 12 days) after the injury and was the single most frequent cause of bloodstream infections. Inhalation injury was the strongest predictor for candidemia by multivariate analysis. Candidemia among the case patients occurred at a significantly higher rate than among comparable trauma patients injured in different urban settings, including a pedestrian mall (2 of 29;
one trauma center in Jerusalem. Included in the analysis were patients admitted for 124 h. Twelve patients (57%) were admitted to a general intensive care unit (ICU).
Control patients. Two control groups were examined. The first consisted of 29 patients sustaining similar blast injuries in different settings (blast-injury controls): 11 patients were injured by a bomb explosion in an open-space pedestrian mall, and 18 patients were injured during two bomb explosions that occurred in buses. Only patients admitted to the hospital for 124 h were included.
To control for possible acquisition of candidemia in the ICU due to common sources and caregivers, and to investigate whether the outbreak could result from the ICU exposure, in the second group we enrolled contemporary ICU control patients (i.e., patients treated at the ICU along with the case patients). The ICU included 3 rooms with an additional expandable subunit. This structure allowed for admission of additional patients along with the case patients at the time of injury. The contemporary control group consisted of 40 consecutive ICU patients: 19 trauma patients and 21 nontrauma (surgical and nonsurgical) patients admitted to the ICU during a 3-month period around the time of the marketplace blast. To examine a comparable group of patients with similar ICU exposure, we included only those 40 patients who were admitted to the ICU for 13 days, with a total hospital stay of у16 days.
Statistical analysis. Variables potentially associated with the development of candidemia among the case patients were determined by univariate analysis. Most variables studied are indicated in table 2. Additional variables that were analyzed included softtissue injury, lung contusion, surgical treatment, number of operations, and respiratory mold colonization. Potential risk factors identified by univariate analysis were included in a multivariate analysis to determine predictors of candidemia, with use of forward stepwise logistic regression.
Comparisons between groups were performed with the x 2 test, Fisher's exact test, or 2-tailed t test as appropriate. Quantitative air sampling. Air samples were obtained on different occasions at the marketplace 2 months after the injury. Parallel control samples were obtained at the pedestrian mall. These locations were determined according to the locations of the blastrelated injuries sustained by case and control patients.
Quantitative air sampling was performed with a 6-stage air sampler (Andersen Sampler; Graseby Andersen, Atlanta) loaded with Sabouraud agar plates. The 6-stage impactor allowed for particlesize discrimination into 6 aerodynamic size fractions, roughly correlating with the level of respiratory tract penetration. The plates were incubated and examined daily for fungal growth. Viable particles were counted as recommended by the manufacturer and were identified by standard laboratory methods [1] .
Results
Major characteristics of the case patients. Twenty-one patients who sustained injuries in the bomb explosion at the marketplace were evaluated. The mean age was 43.5 years (range, 10-85 years), and the male:female ratio was 14:7. Penetrating shrapnel injuries, produced by screws inserted in the bomb, occurred in 20 patients (95%), resulting in soft-tissue and skeletal injury without gastrointestinal involvement. Other characteristic injuries included second-and third-degree burns in 13 patients (62%) and smoke-inhalation injury in 9 (43%). Smoke-inhalation injury was defined by the presence of smoke particles in the airways, leading to inflammatory airway and parenchymal response. Twelve patients (57%) were admitted to a general ICU, with a mean ICU stay of 14 days (range, 1-69 days).
Fungal infections in the case patients. Early respiratory colonization (1-4 days) with Aspergillus (A. niger, A. flavus, or A. nidulans) or Rhizopus species was demonstrated in 4 patients. Candidemia occurred in 7 patients, who accounted for 30% of all patients admitted after the injury and 58% of those admitted to the ICU. The development of candidemia was not associated with admission to a specific room in the ICU. Candidemia occurred between 4 and 16 days after the injury ( , mean ‫ע‬ SD days). 12 ‫ע‬ 4
The species isolated from blood included Candida tropicalis (3 patients), Candida parapsilosis (2 patients), and Candida albicans (2 patients); candidal mucosal colonization (sputum) preceding infection was found in only 1 of these 7 patients. Candida was not recovered from wounds before its isolation from blood. Candidemia was the single most frequent bloodstream infection in the case patients. Mortality among patients with candidemia was 43%.
Variables associated with the development of candidemia among the case patients. Injury-related and nosocomial factors that were significantly associated with candidemia on univariate analysis are detailed in table 1. Age, gastrointestinal injury, and soft-tissue injury were not statistically associated with the development of candidemia. None of the case patients suffered from immunosuppressive conditions (such as neutropenia or lymphopenia) or received immunosuppressive medications. Candidemia did not develop exclusively in patients with burns and was not associated with operative procedures. The presence of respiratory mold colonization approached statistically significant association ( ) with the development P p .08 of candidemia (table 1) .
On multivariate analysis, 2 predictors for the development of candidemia were identified. One was the presence of inhalation injury ( ), and the other was the number of blood P p .001 transfusions (
). P p .01 Comparison between case and control patients. To better define the underlying mechanism for the high incidence of candidemia in the patients sustaining injuries in the bomb blast at the marketplace, we examined candidemia in blast-injury control patients injured in different settings, to control for injuryrelated factors associated with the type and degree of the injuries, and in contemporary ICU control patients, to control for a possible outbreak originating in the ICU setting. The incidence of candidemia in the control groups was significantly lower: 2.5% (1 of 40) in the contemporary ICU control group ( ) and 7% (2 of 29) in the blast-injury control group P p .001 ( ) . P p .02
Since the 2 control groups were not matched to the case group (because of the special circumstances of the injury), we evaluated the groups for their characteristics and, in particular, for the presence of confounding factors, with an emphasis on injury-related and nosocomial risk factors for candidemia. Case patients were compared with both control groups (table 2) .
Comparison with blast-injury control patients revealed that the injury profile-including the presence and severity of burns, gastrointestinal injuries, soft-tissue injuries, and injury severity score [9] -and the nosocomial risk factors were generally similar (table 2, columns 1-4). The number of blood transfusions and the number of injured organs were even higher in the control patients. The case patients and the blast-injury control patients were therefore comparable with respect to prognostic characteristics for the development of candidemia.
Comparison of the case patients with the contemporary ICU control patients revealed comparable ICU exposure variables. Although some of the injuries varied, as expected from the mixed nature of the contemporary control group, the distribution of the nosocomial risk factors for candidemia, as well as the APACHE II and injury-severity scores at baseline, were comparable (table 2, columns 5-7). None of the control patients had underlying immunodeficiency conditions or received immunosuppressive drugs. Prophylactic antifungals were not administered to any of the case patients or the control patients.
We also compared the relative distribution of Candida species, as well as the mean time of onset of candidemia, in the case patients versus all other patients with nosocomial ICUrelated candidemia seen over the year: of 12 ICU candidemia cases, 10 involved C. albicans (vs. 2 of the 7 case patients with candidemia;
), 1 involved C. parapsilosis, and 1 involved P p .04 Candida glabrata. The mean time of onset was days 28 ‫ע‬ 19 (range, 9-76 days), compared with in the study cases 12 ‫ע‬ 4 ( ). Thus, the case patients differed in both species dis-P p .02 tribution and temporal pattern of candidemia from the rest of the ICU cases of candidemia seen over the year.
Quantitative air sampling. Since patients and control patients were comparable with respect to the familiar risk factors for candidemia, the high incidence of candidemia among the patients suggested exogenous, environmental exposure. To pursue this possibility, we employed quantitative air sampling. This showed a substantial increase ( ) in the concentration of Asper-P p .03 gillus and Rhizopus species in the market, in comparison with the pedestrian mall air ( figure 1, left) . Penicillium species, however, were more equally distributed between these two places. Airborne Candida species were consistently detected in the marketplace. Although the concentration varied on different occasions, airborne Candida species were detected exclusively in the marketplace and were not detected on repeated sampling in the pedestrian mall. Detected species included Candida krusei, C. albicans, Candida humicola, and Candida guilliermondii. However, the relative species distribution varied between different dates and between different spots sampled on the same day. The difference between the marketplace and the pedestrian mall was most evident when the small, respirable particles (!4.7 m, represented in stages 3-6 of the air sampler) were compared for fungal yield, with means of 350 versus 18 cfu/m 3 (figure 1, right).
Discussion
We have described the occurrence of candidal bloodstream infection in 30% of patients who were admitted after injuries due to a bomb blast in a marketplace. This incidence was significantly higher than that found among control patients sustaining similar blast injuries in different urban settings, who were found to be comparable with regard to the well-known predisposing factors for candidemia. Moreover, the development of candidemia in the case patients was characterized by an early onset and the absence of preceding candidal mucosal colonization. The unusual case cluster and the early temporal pattern suggested a common exogenous source rather than an endogenous origin.
Exogenous acquisition of candidemia has been occasionally attributed to direct person-to-person contact and invasive equipment in ICUs [1, 3, 4, 10, 11] . Although we cannot conclusively rule out an exogenous nosocomial source, the high incidence of candidemia among the case patients did not appear to result from primary acquisition in the ICU, since a significantly lower incidence was found in contemporary ICU control patients. Moreover, candidemia developed earlier than in other ICU-related candidemia cases over the year, and the relative occurrence of non-C. albicans species was higher. Admission to the ICU, along with the related use of prolonged ventilation, broad-spectrum antibiotics, and indwelling devices, was associated with the development of candidemia in univariate analysis. However, these factors seemed to account only in part for the high incidence.
We have identified an unusual association of candidemia with smoke-inhalation injury and with respiratory mold colonization. Moreover, inhalation injury appeared to be the best predictor for candidemia in the case patients, according to the results of multivariate analysis. These findings suggested the possibility of exogenous, environmental group exposure. Indeed, using quantitative air sampling, we detected Candida species, along with increased concentrations of Aspergillus and Rhizopus species, in the market air. The concentration and relative species distribution of Candida in the market air varied on different occasions. This variability could result from daily changes in the sources and in the environmental conditions such as temperature, relative humidity, and air currents.
Nonetheless, it was clear that Candida species were detected consistently in the market and were not detected in parallel samples obtained from a pedestrian mall. The exclusive detection in the market air supported the possibility of an exogenous, environmental source. It is worth noting that the market hosted crowded vegetable and meat stands. Organic debris and meat products, known to harbor Candida species [1] , could have served as the source for the species detected in the air.
Thus far, there have been only anecdotal studies reporting the detection of Candida species in air [1, [12] [13] [14] [15] , and the concept of airborne candidiasis is not accepted. Yet, on the basis of our findings, it is tempting to speculate that during the special circumstances of the bomb explosion, the blast force could have facilitated dispersal and transport of Candida in air, transforming it temporarily to an airborne pathogen. It is interesting that the difference between the market and the pedestrian mall was most evident in terms of the fungal yield from the small, respirable particles. Hence, contaminated particles could have been introduced via the transdermal route through extensive burns and shrapnel or possibly inhaled during the blast. The early onset of candidemia, along with the absence of preceding colonization, favors the mechanism of direct invasion at the time of blast injury, without local replication at the site of entry. Systemic infection subsequently developed in the severely injured and compromised patients, who were at risk for further selection and dissemination of Candida.
The recognition of environmental exposure at the time of the injury as a possible source of candidal bloodstream infection has implications with regard to the pathogenesis of systemic infection after trauma and suggests the need for early and frequent monitoring of fungal infection in patients injured in a similar setting.
